INTRODUCTION {#sec1-1}
============

Choledochal cyst is the dilatation of either intra or extrahepatic biliary system or both. Most of the reported cases in the world come from Asia and about two-third of cases are reported from Japan.\[[@ref1]\] Various types of drainage procedures like Roux-en-Y hepaticojejunostomy,\[[@ref2][@ref3]\] hepaticoduodenostomy,\[[@ref4]\] and jejunal interposition hepaticoduodenostomy\[[@ref5]\] have been described in literature. Recently there are several reports of laparoscopic excision of choledochal cyst and hepaticoduodenostomy.\[[@ref6]--[@ref8]\] Complete excision of the cyst and bilioenteric anastomosis is the treatment of choice in choledochal cyst.\[[@ref2]--[@ref8]\]

The purpose of this study is to analyze our experience of 79 patients with various types of choledochal cyst treated in our institution and to highlight the results of hepaticodochoduodenostomy in a series of consecutive 53 patients.

MATERIALS AND METHODS {#sec1-2}
=====================

This is a retrospective study in which the children treated from January 1993 to August 2010 were analyzed for clinical presentation and investigation protocols. Baseline investigations included complete hemogram, urine examination, liver function tests, renal function tests and coagulation profile. In the early 1990s, in addition to ultrasonography (USG) of abdomen, we performed contrast enhanced computed tomogram (CECT) of the abdomen, endoscopic retrograde cholangiopancreatogram (ERCP), operative cholangiogram and 99^m^ Tc-HIDA radionuclide scan. Lately, over the last ten yearswe are relying more on magnetic resonance cholangiopancreaticogram (MRCP) and also intraoperative examination of the ducts by cystoscope \[[Table 1](#T1){ref-type="table"}\].

###### 

Investigations performed
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After surgical intervention, our patients underwent regular follow-up in our outpatient department. History was taken particularly to pain, cholangitis, and any evidence of gastritis. Liver function tests, abdominal USG, and radionuclide scans to look for patency of anastomosis were done three months after the operation. Patients were followed up every three months in the first year and then once every six months. Differences between the two subsets of Roux-en-Y hepaticojejunostomy (24 patients) and hepaticodochoduodenostomy (53 patients) were compared using the chi-square test. Statistical significance was set at *P*\<0.05.

RESULTS {#sec1-3}
=======

Seventy nine children with choledochal cyst were treated. There were 53 girls and 26 boys (female : male: 2.04 : 1). Thirty eight patients were below 4 years; 19 patients were between 4 and 8 years and 22 patients were above 8 to 12 years. \[[Table 2](#T2){ref-type="table"}\]. None of our patients was diagnosed antenatally. The youngest patient was three months old male infant. The patients were admitted with abdominal pain in 68 cases (86%), jaundice in 33 cases (42%), lump in 24 cases (30%) and biliary peritonitis due to spontaneous rupture of choledochal cyst in one patient. Classical triad of pain, lump and jaundice was seen in 17 cases (21.52%) of our patients. Two patients were operated elsewhere (one patient of cystojejunostomy and one patient of cystoduodenostomy) and subsequently referred to us. The different types of cysts in our series were as follows: Type I: 63; Type IV: 12; Forme fruste: 1; Caroli\'s disease (bilobar involvement): 1 \[[Figure 1](#F1){ref-type="fig"}\]; extrahepatic choledochal cyst with atresia in the lower end of common bile duct: 2.

###### 

Different age groups of patients
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The different operative procedures performed in our series were as follows \[[Table 3](#T3){ref-type="table"}\]:

###### 

Different groups of patients and the management done
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Group A - Complete excision of cyst and Roux-en-Y hepaticojejunostomy in 18: group B - Submucosal excision of cyst and Roux-en-Y hepaticojejunostomy in 4; and group C - cystoduodenostomy in 2, out of whom one was operated in another institution. (One patient underwent excision of cyst and Roux-en-Y hepaticojejunostomy. Other patient refused to undergo second operation.) Group D - One patient who was operated (cholecystojejunostomy) in another hospital with the diagnosis of pancreatic malignancy, was found to be having choledochal cyst with pancreatic calculi \[[Figure 2](#F2){ref-type="fig"}\]. Dismantling of cholecystojejunostomy, submucosal cyst excision, and Roux-en-Y hepaticojejunostomy and side to side pancreaticojejunostomy was done in this child. Group E - Complete excision of cyst and hepaticodochoduodenostomy was done in 53 patients including one patient who had laparoscopic excision of cyst and hepaticodochoduodenostomy during a laparoscopy workshop in our institute. Group F - No operation has been done in Caroli\'s disease and the patient is under observation.
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In the last 30 consecutive cases, we have examined the cyst and the bile duct by 9-French telescope of cystoscope with 5-degree view during surgery. By doing this procedure we could see sludge in the common bile duct in six patients and we could also identify pancreatic duct in 15 cases. We could also identify the atretic variety of choledochal cyst by examining the duct through cystoscope.

We operated one patient of ruptured choledochal cyst where complete excision and hepaticodochoduodenostomy was done and the patient had an uneventful recovery.

No operation has been done in Caroli\'s disease patient. Liver biopsy was done in thirty patients to assess any structural changes in the liver. The patient with choledochal cyst and atretic lower end only showed cirrhotic changes in the liver. We do not have liver transplantation facilities in our institute and the patient is under observation.

One patient of choledochal cyst with atresia at the lower end of the common bile duct had liver cirrhosis at the time of operation (operated at the age of 4 months). Even after excision of cyst and Roux-en-Y hepaticojejunostomy; the patient went into liver failure and died. Two patients of group A had recurrent pain abdomen and cholangitis. Both patients had USG abdomen, HIDA scan and MRCP. All these investigations showed anastomotic stricture. One patient required revision of strictureand the other refused operation and was thus lost to follow up. In group E, one patient had prolonged bile leak through the drain site but stopped spontaneously. Three other patients in group E developed occasional epigastric pain and responded to omeprazole. Endoscopy was done in all three patients but none of them had significant gastritis. One patient developed anastomotic stricture (the patient with forme fruste type cyst) and was lost to follow up. None of our patients developed intestinal obstruction or carcinoma. Five patients have been lost to follow up but the remaining 74 patients are doing well after a mean period of follow up of 9 years (range: 6 months to 17 years).

DISCUSSION {#sec1-4}
==========

The incidence of choledochal cysts was reported to be less than 1 in 13,000 to 2 million population.\[[@ref9]\] The etiology of choledochal cyst remains unknown but the common channel theory is widely accepted.\[[@ref9]\] Primary complete cyst excision and bilioenteric anastomosis with wide stoma is the treatment of choice for choledochal cyst. Todani *et al*. favored hepaticoduodenostomy because they believed it was a more physiological procedure compared with Roux-en-Y hepaticojejunostomy; it was simpler to perform; and there were fewer complications from adhesive bowel obstruction, anastomotic leakage, and peptic ulcer.\[[@ref4]\] In a recent study,\[[@ref3]\] these authors have reported higher incidence of postoperative complications after hepaticoduodenostomy as compared to hepaticojejunostomy. However, long-term follow-up studies have shown 2.5--7.5% incidence of late complications requiring reoperation for anastomotic stricture at the hepaticojejunostomy site.\[[@ref10][@ref11]\]

In our series, we have compared the two subsets of patients with hepaticodochoduodenostomy and hepaticojejunostomy \[[Table 4](#T4){ref-type="table"}\]. Differences between the Roux-en-Y hepaticojejunostomy and hepaticodochoduodenostomy groups with respect to type of choledochal cyst, age at cyst excision, and length of follow-up were not statistically significant. On chi-square analysis of morbidity and mortality between these two subset of patients, there was no statistically significant difference found in contrast to the study by Shimotakahara *et al*.\[[@ref3]\] Also, we have compared the morbidity and mortality in our study with the morbidity and mortality mentioned in different studies in literature in [Table 5](#T5){ref-type="table"}. One patient of choledochal cyst with atresia at the lower end of the common bile duct had liver cirrhosis at the time of operation. Even after excision of cyst and Roux-en-Y hepaticojejunostomy, the patient went into liver failure and died. The association of biliary atresia and choledochal cyst is extremely rare with clinical presentation mimicking that of biliary atresia. Diagnosis can be suspected on preoperative imaging and investigations. Liver histology is that of biliary atresia. Prognosis after surgical treatment is poor because of the pre-existing hepatic damage.\[[@ref12]\]

###### 

Comparison of hepaticodochoduodenostomy and hepaticojejunostomy in our study
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###### 

Comparison of our study with other series in literature
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Contrary to previous reports,Stringer reported very low incidence of complications in wide hilar hepaticojejunostomy after choledochal cyst excision.\[[@ref2]\] In the initial part of our study, we performed excision of cyst and Roux-en-Y hepaticojejunostomy and our results were satisfactory. We then started doing hepaticodochoduodenostomy after excising the cyst because we found it to be quick, simple procedure with minimum complications. Recently, there are many published reports showing laparoscopic complete excision of cyst and hepaticoduodenostomy as safe and physiologic procedure with minimum complications.\[[@ref6]--[@ref8]\] Favorable results of laparoscopic approaches are increasingly reported and suggest the feasibility of this technique in selected patients.\[[@ref13]\] In our series, we had a stricture in a patient of forme fruste type of choledochal cyst. As such, complications are reported to be more in forme fruste type.\[[@ref14][@ref15]\]

A liver biopsy was done in the last thirty cases during operation and one of them showed evidence of liver cirrhosis and two patients showed features of periportal fibrosis as reported in the literature.\[[@ref9][@ref16]\] USG abdomen is the major diagnostic investigation and the accuracy of diagnosis and anatomical delineation is better when combined with MRCP. Postoperative radionuclide scan documents the patency of the anastomosis and is a useful tool in the postoperative period.

In conclusion, complete excision of cyst and good bilioenteric anastomosis with wide stoma should be done at the earliest possible time. Hepaticodochoduodenostomy with wide stoma is a simple, quick procedure with preservation of normal anatomy and physiology and minimum of complications. It also avoids multiple intestinal anastomoses.
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